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OBJECTIVES: To examine the association between hear-
ing impairment and incident frailty in older adults.
DESIGN: Cross-sectional and longitudinal analyses with
4-year follow-up using data from the English Longitudinal
Study of Ageing.
SETTING: Community.
PARTICIPANTS: Community-dwelling individuals aged
60 and older with data on hearing and frailty status
(N = 2,836).
MEASUREMENTS: Hearing impairment was defined as
poor self-reported hearing. Having none of the five Fried
frailty phenotype components (slow walking, weak grip,
self-reported exhaustion, weight loss and low physical
activity) was defined as not frail, having one or two as pre-
frail, and having three or more as frail. Participants who
were not frail at baseline were followed for incident pre-
frailty and frailty. Participants who were prefrail at base-
line were followed for incident frailty.
RESULTS: One thousand three hundred ninety six (49%)
participants were not frail, 1,178 (42%) were prefrail, and
262 (9%) were frail according to the Fried phenotype. At
follow-up, there were 367 new cases of prefrailty and
frailty among those who were not frail at baseline
(n = 1,396) and 133 new cases of frailty among those who
were prefrail at baseline (n = 1,178). Cross-sectional anal-
ysis showed an association between hearing impairment
and frailty (age- and sex-adjusted odds ratio (OR) = 1.66,
95% confidence interval (CI) = 1.37–2.01), which
remained after further adjustments for wealth, education,
cardiovascular disease, cognition, and depression. In longi-
tudinal analyses, nonfrail participants with hearing impair-
ment were at greater risk of becoming prefrail and frail at
follow-up (OR = 1.43, 95% CI = 1.05–1.95), but the
association was attenuated after further adjustment. Pre-
frail participants with hearing impairment had a greater
risk of becoming frail at follow-up (OR = 1.64, 95%
CI = 1.07–2.51) even after further adjustment.
CONCLUSION: Hearing impairment in prefrail older
adults was associated with greater risk of becoming frail,
independent of covariates, suggesting that hearing impair-
ment may hasten the progression of frailty. J Am Geriatr
Soc 65:958–965, 2017.
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Hearing impairment is common in later life and is esti-mated to affect 20% of adults in Great Britain aged
60 and older.1,2 Age-related hearing impairment has been
associated with comorbidity, disability, and poor quality
of life, affecting independent living and overall well-
being.3,4 As the population ages,5 hearing impairment
becomes an increasingly important public health concern.
Another common health concern in later life is frailty.6,7
Frailty is a clinical syndrome that refers to the body’s
inability to respond adequately to stressors because of mul-
tisystem impairments and lack of physiological reserve,
increasing the risk of adverse outcomes including falls,
hospitalization, institutionalization, and mortality.6–9
Frailty is often described as a dynamic state along a con-
tinuum from normal aging to death,10 and transition
between frailty states is common.11 Prefrailty is an inter-
mediate stage between having no prevalent frailty and
being frail,7 and an acute medical event or psychological
stress that exceeds the individual’s capacity for recovery
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often precipitates the transition from prefrail to frail.11,12
One of the most commonly used frailty measures in the
community setting is the Fried phenotype, which has been
deemed suitable for identification of community-dwelling
older adults at risk of frailty and has been found to be
associated with disability, mortality, and hospitaliza-
tion.7,13,14 The Fried phenotype consists of five compo-
nents: unintentional weight loss, weak grip, slow walking
speed, exhaustion, and low levels of physical activity.7 A
score of 0 refers to no frailty, 1 to 2 indicates prefrailty,
and 3 or more is defined as frail. Research has shown that
prefrail older adults have twice the risk of becoming frail
as nonfrail older adults.7
Studies suggest that hearing impairment is associated
with frailty15,16 and its consequences, including functional
decline15 and incident falls.17 A previous study found an
association between self-reported hearing impairment and
frailty in older women but not men, but the study was
cross-sectional.18 The Health, Aging and Body Composition
study found an association between hearing impairment
and incident frailty at 10-year follow-up, but only two
measures were used to define frailty (slow walking, inability
to rise from a chair).19 None of these previous studies
considered social interaction in the analyses, a factor associ-
ated with hearing impairment and frailty that might have
mediated the associations observed.20 Moreover, little is
known about the incidence of prefrailty and frailty. It is
important to investigate the relationship between hearing
impairment and frailty to determine whether prevention
and treatment of hearing impairment in older age could
minimize the burden of frailty on the individual and soci-
ety. The current study examined the relationship between
poor hearing and prefrailty and frailty in a nationally repre-
sentative sample of community-dwelling older people in
England and the relationship between poor hearing and
subsequent incident prefrailty and frailty over 4 years.
METHODS
Study Design and Participants
This study used data from the English Longitudinal Study
of Ageing (ELSA), a prospective study of a nationally repre-
sentative sample of 11,392 men and women aged 50 and
older who participated in the Health Survey for England in
1998, 1999, or 2001.21 The sample was drawn by postcode
sector and stratified according to proportion of households
in nonmanual socioeconomic groups and has been followed
up every 4 years since 2004 with a nurse visit during which
measurements of physical function were taken and an inter-
view conducted on morbidity and lifestyle. For the pur-
poses of this study, the study sample was restricted to
participants with data on items in the Fried phenotype,
including walking speed, which have only been measured
in participants aged 60 and older. In 2004, interview and
nurse data were obtained from 4,248 of 5,918 participants
from the original study sample (core members) aged 60 and
older. Complete data on hearing impairment, covariates,
and frailty was obtained from 2,836 of these participants
(67%) in 2004 and on frailty in 2008, who constituted the
current study sample. Ethical approval was obtained from
the Multicentre Research and Ethics Committee.
Hearing Impairment
Hearing impairment was measured using a self-reported,
validated question previously demonstrated to be accurate
when compared with objectively measured hearing22 ask-
ing participants to rate their hearing (using a hearing aid if
they used one) as excellent, very good, good, fair, or poor.
Reporting excellent, very good, or good hearing was classi-
fied as having good hearing, and this group formed the ref-
erence group. Experiencing fair or poor hearing was
considered poor hearing.
Assessment of Frailty
Frailty status was assessed in 2004, and participants were
followed up for frailty from 2004 to 2008. Frailty was
based on the five components of the Fried phenotype:
weight loss, weak grip, slow walking, exhaustion, and low
physical activity.7 These components were operationalized
using definitions identical or very similar to those in the
original phenotype studies.7,23 Weight loss was defined as
loss of 10% or more of body weight in the last 4 years or
a current body mass index (BMI) of less than 18.5 kg/m2.
Weak grip was assessed using a dynamometer with the
maximum handgrip strength measure out of three
attempts on each side used for analysis. Weak grip was
classified as being in the lowest quintile of the sex- and
BMI-adjusted distribution. Slow walking speed was mea-
sured as the mean time of two measurements taken to
complete an 8-foot walk at usual pace. Height was
divided at the sex-specific median to categorize those in
the lowest sex- and height-specific quintile of the distribu-
tion as having slow walking speed. Participants in wheel-
chairs or who were bed bound, unable to walk because of
health problems, or unable to walk alone were also
counted as having slow walking. Exhaustion was defined
as a positive response to either of the two statements “Felt
that everything I did was an effort in the last week” or
“Could not get going in the last week” from the Center
for Epidemiologic Studies Depression Scale (CES-D).24
Low physical activity was based on three questions about
the frequency with which participants undertook vigorous,
moderate, and mild exercise. Each question had four
response options (more than once a week, once a week,
one to three times a month, hardly ever or never) that
were combined according to the amount and intensity of
exercise involved. Reporting exercising hardly ever or
never, mild exercise only, or moderate exercise a maxi-
mum of one to three times a month was classified as low
physical activity. Frailty was defined as the presence of
three or more of the five frailty components. Prefrailty
was defined as the presence of one or two components.
No prevalent frailty was defined as having none of the
frailty components. The Fried phenotype was used because
it incorporates a definition of prefrailty and frailty and is
suitable for identification of community-dwelling older
adults at risk of frailty.13,14
Covariates
Age, sex, wealth, education, cardiovascular disease (CVD),
smoking, hypertension, diabetes mellitus, history of falls,
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cognitive function, depression, and lack of companionship
were considered as covariates. Age was grouped into 60 to
69, 70 to 79, and 80 and older. Total net nonpension
wealth (financial, housing, physical wealth) of the house-
hold is presented according to quintile. Education was
defined as having an intermediate or higher qualification
versus no qualification. CVD has previously been associ-
ated with hearing impairment and frailty, so doctor-diag-
nosed CVD (myocardial infarction, angina pectoris,
stroke) and doctor-diagnosed CVD-related comorbidities
including diabetes mellitus and hypertension were consid-
ered as potential covariates and analyzed dichotomously.25
Participants who reported that they had fallen in the last
12 months were classified as having had a fall. Smoking
was defined as reporting being a current smoker and ana-
lyzed dichotomously. Cognitive function was measured
using a validated 24-point cognitive scale on time orienta-
tion and immediate and delay recall and analyzed contin-
uously.26 The recall tests included a list of 10 words
presented to participants, who were asked to recall as
many words as possible immediately after the list was
read and then again after an approximately 5-minute
delay during which they completed other survey ques-
tions. Questions on orientation to the day, date, month,
and year were obtained from the Mini-Mental State
Examination (MMSE) and assessed by asking participants
to report the day, date, month, and year.27,28 Factors that
may be on the causal pathway of hearing impairment and
frailty were also considered, including depression and lack
of companionship. Depression symptoms were based on
the six questions on mood from the validated eight-item
version of the CES-D, excluding the two questions on
exhaustion that form part of the frailty phenotype
definition.24 Scoring positively on two or more items indi-
cated having depression symptoms and was analyzed
dichotomously. Lack of companionship some of the time
or often were combined and compared with no lack of
companionship.
Statistical Analyses
Logistic regression was used to assess the cross-sectional
relationships between hearing impairment and prefrailty
and frailty combined. Logistic regression was also used to
determine relationships between hearing impairment and
incident prefrailty in participants without prevalent frailty
at baseline between hearing impairment and incident
frailty in participants with prefrailty at baseline followed
for 4 years. Incident prefrailty and frailty in those without
frailty at baseline were combined because of the small
number of new frailty cases in this group (n = 24). Odds
ratios (ORs) with 95% confidence intervals (CIs) were
obtained using good hearing as the reference. Age, sex,
and covariates that were significantly associated with hear-
ing impairment in the nonfrail (Table 2) and prefrail
groups (Table 3) (wealth, education, CVD, cognitive func-
tion) and that have consistently been associated with hear-
ing impairment and frailty in previous studies, such as
depression, were included in the statistical analyses.29,30 If
a positive association was demonstrated between hearing
impairment and incident frailty, supplementary analyses
were conducted to explore whether lack of companionship
as a marker of social isolation and as a potential mecha-
nism underlying the causal pathway between poor self-
reported hearing and frailty might explain this.31 All anal-
yses were performed using SPSS version 22 (IBM Corp.,
Armonk, NY).
RESULTS
In 2004, 2,836 adults aged 60 and older completed an
interview and underwent a nurse assessment. The preva-
lence of hearing impairment was 23% (n = 643), and 56%
(n = 1584) of participants were men. One thousand three
hundred ninety-six participants (49%) were not frail,
1,178 (42%) were prefrail, and 262 (9%) were frail at
baseline. At 4-year follow-up, there were 367 new cases of
prefrailty (n = 343) and frailty (n = 24) among those who
were not frail at baseline and 133 new cases of frailty
among those who were prefrail at baseline.
Cross-sectional Associations of Hearing Impairment
and Frailty at Baseline
Table 1 shows the characteristics of all participants and
prevalence of frailty at baseline (2004) according to hear-
ing impairment. Participants with poor hearing were more
likely to be older, male, and less wealthy; have no educa-
tional qualification; have been diagnosed with CVD or dia-
betes mellitus; and have poorer cognitive function,
symptoms of depression, and a history of falls than those
with good hearing. Of older adults with poor hearing,
45% (n = 291) were prefrail, and 14% (n = 87) were frail,
and of those with good hearing, 40% (n = 887) were pre-
frail, and 8% (n = 175) were frail.
Cross-sectional analyses of the relationship between
frailty and hearing impairment showed that participants
who were prefrail or frail were more likely to have poor
hearing (age- and sex-adjusted OR = 1.66, 95%
CI = 1.37–2.01), and the association remained after fur-
ther adjustment for wealth, education, CVD, cognition,
and depression (OR = 1.41, 95% CI = 1.14–1.73). The
relationship was further examined in a subsample of 2,663
participants with data on lack of companionship, and the
association remained after additional adjustment for lack
of companionship (OR = 1.44, 95% CI = 1.16–1.79).
Additional analyses of the relationships between hearing
impairment and prefrailty and frailty separately showed
that frailty (OR = 1.52, 95% CI = 1.25–1.86) and pre-
frailty (OR = 2.32, 95% CI = 1.67–3.24) were signifi-
cantly associated with hearing impairment. An interaction
between hearing impairment and sex was tested for, and
no association was found.
Longitudinal Associations Between Hearing Impairment
and Incident Prefrailty and Frailty
Two cohorts were constructed for longitudinal analyses—
not frail at baseline and prefrail at baseline. Table 2 shows
the characteristics of participants in the first cohort who
were not frail at baseline according to hearing impairment.
In this cohort, self-reported hearing impairment was statis-
tically significantly associated with older age, male sex, less
wealth, no educational qualification, and poorer cognitive
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function. Symptoms of depression; history of falls; CVD;
and CVD risk factors including smoking, BMI, hyperten-
sion, and diabetes mellitus were not associated with hear-
ing impairment. Table 3 presents the characteristics of
participants in the second cohort, who were prefrail at
baseline, according to hearing impairment. In those who
were prefrail at baseline, hearing impairment was associ-
ated with older age, male sex, CVD, and poorer cognitive
Table 2. Age, Sex, Socioeconomic and Lifestyle Characteristics, Comorbidities, and Falls in a Cohort of English
Men and Women Aged 60 and Older with No Frailty in 2004
Covariate
Overall,
n = 1,396
Good Hearing,
n = 1,131 (81%)
Poor Hearing,
n = 265 (19%) P-Value
Age, n (%)
60–69 864 (62) 743 (66) 121 (46) <.001
70–79 459 (33) 336 (30) 123 (46)
≥80 73 (5) 52 (5) 21 (8)
Male, n (%) 785 (56) 603 (53) 182 (69) <.001
Wealth quintile, n (%)
1 (lowest) 112 (8) 83 (7) 29 (11) .01
2 204 (15) 154 (14) 50 (19)
3 278 (20) 218 (20) 60 (23)
4 346 (25) 293 (26) 53 (20)
5 (highest) 436 (31) 368 (33) 68 (26)
No educational qualification, n (%) 420 (30) 321 (28) 99 (37) .04
Smoker, n (%) 103 (7) 82 (7) 21 (8) .69
Body mass index, kg/m2, mean  SD 27.2  3.9 27.2  3.9 27.3  4.1 .85
Hypertension, n (%) 560 (40) 450 (40) 110 (42) .61
Cardiovascular disease, n (%) 195 (14) 150 (13) 45 (17) .12
Diabetes mellitus, n (%) 90 (6) 70 (6) 20 (8) .42
Cognitive function, mean  SDa 14.2  3.3 14.4  3.1 13.6  3.2 <.001
Depression symptoms, n (%) 149 (11) 117 (10) 32 (12) .41
History of falls, n (%) 347 (25) 278 (25) 69 (26) .62
aAccording to a 24-point cognitive scale on orientation to time and immediate and delayed recall.26
SD = standard deviation.
Table 1. Age, Sex, Socioeconomic and Lifestyle Characteristics, Comorbidities, Falls, and Frailty Status in a Cohort
of English Men and Women Aged 60 and Older in 2004 (Baseline)
Covariate
Overall,
n = 2,836
Good Hearing,
n = 2,193 (77%)
Poor Hearing,
n = 643 (23%) P-Value
Age, n (%)
60–69 1,526 (54) 1,266 (58) 260 (40) <.001
70–79 1012 (36) 726 (33) 286 (45)
≥80 298 (11) 201 (9) 97 (15)
Male, n (%) 1,584 (56) 894 (41) 358 (56) <.001
Wealth quintile, n (%)
1 (lowest) 396 (14) 290 (13) 106 (17) <.001
2 541 (19) 383 (18) 158 (25)
3 562 (20) 430 (20) 132 (21)
4 615 (22) 499 (23) 116 (18)
5 (highest) 690 (24) 567 (26) 123 (19)
No educational qualification, n (%) 1,086  38 797  36 289  45 <.001
Smoker, n (%) 308 (11) 226 (10) 82 (13) .08
Body mass index, kg/m2, mean  SD 27.8 (4.6) 27.8 (4.6) 27.8 (4.6) .67
Hypertension, n (%) 1,302 (46) 984 (45) 318 (50) .40
Cardiovascular disease, n (%) 499 (18) 348 (16) 151 (24) <.001
Diabetes mellitus, n (%) 251 (9) 175 (8) 76 (12) <.001
Cognitive function, mean  SDa 13.7  3.3 14.0  3.2 12.9  3.4 <.001
Depression symptoms, n (%) 653 (23) 480 (22) 173 (27) <.001
History of falls, n (%) 882 (31) 657 (30) 225 (35) .02
Frailty status, n (%)
Nonfrail 1,396 (49) 1,131 (52) 265 (41) <.001
Prefrail 1,178 (42) 887 (40) 291 (45) <.001
Frail 262 (9) 175 (8) 87 (14) <.001
aAccording to a 24-point cognitive scale on orientation to time and immediate and delayed recall.26
SD = standard deviation.
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function. No significant associations were observed
between hearing impairment and wealth, education, smok-
ing, BMI, hypertension, diabetes mellitus, symptoms of
depression, or falls.
Table 4 presents the findings of incident prefrailty and
frailty in participants who were not frail at baseline and of
incident frailty in those who were prefrail at baseline. Of
participants who were not frail at baseline, those with
poor hearing were at greater risk of being prefrail or frail
at 4-year follow-up (age- and sex-adjusted OR = 1.43,
95% CI = 1.05–1.95) than those with good self-reported
hearing. The association was attenuated after further
adjustment for wealth and education. Of participants who
were prefrail at baseline, those who reported poor hearing
were at greater risk of developing frailty than those with
good hearing (age- and sex-adjusted OR = 1.64, 95%
CI = 1.07–2.51). This association remained after further
adjustment for wealth, education, CVD, cognition, and
depression. The association was further examined in a sub-
sample of 1,088 prefrail participants with data on lack of
companionship followed up for incident frailty over
4 years. Poor hearing remained associated with greater risk
of frailty (OR = 1.72, 95% CI = 1.08–2.76) after further
adjustment for lack of companionship.
DISCUSSION
This study investigated the association between hearing
impairment and incident frailty in older adults. The results
show that prefrail older adults with self-reported poor
hearing are at greater risk of becoming frail than prefrail
older adults with good hearing. The association observed
remained after adjustment for covariates. To the best of
the authors’ knowledge, this is the first study to investigate
hearing impairment and incident frailty using the Fried
phenotype.
In the longitudinal analyses, poor self-reported hearing
was significantly associated with greater risk of becoming
prefrail and frail, although adjustment for markers of
socioeconomic position (wealth and education) attenuated
Table 3. Age, Sex, Socioeconomic and Lifestyle Characteristics, Comorbidities, and Falls in a Cohort of English
Men and Women Aged 60 and Older with Prefrailty in 2004
Covariate
Overall,
n = 1,178
Good Hearing,
n = 887 (75%)
Poor Hearing,
n = 291 (25%) P-Value
Age, n (%)
60–69 568 (48) 458 (52) 110 (38) <.001
70–79 455 (39) 327 (37) 128 (44)
≥80 155 (13) 102 (12) 53 (18)
Male, n (%) 413 (35) 261 (29) 152 (52) <.001
Wealth quintile, n (%)
1 (lowest) 195 (17) 144 (16) 51 (18) .28
2 264 (22) 189 (22) 75 (26)
3 242 (21) 182 (21) 60 (21)
4 236 (20) 180 (21) 56 (19)
5 (highest) 230 (20) 184 (21) 46 (16)
No educational qualification, n (%) 507 (43) 372 (42) 135 (46) .18
Smoker, n (%) 162 (14) 116 (13) 46 (16) .24
Body mass index, kg/m2, mean  SD 27.9  4.8 28.0  4.9 27.8  4.4 .48
Hypertension, n (%) 583 (50) 430 (49) 153 (53) .23
Cardiovascular disease, n (%) 213 (18) 144 (16) 69 (24) <.001
Diabetes mellitus, n (%) 121 (10) 86 (10) 35 (12) .26
Cognitive function, mean  SDa 13.7  3.4 13.8  3.3 12.5  3.4 <.001
Depression symptoms, n (%) 362 (31) 266 (30) 96 (33) .32
History of falls, n (%) 396 (34) 291 (33) 105 (36) .31
aAccording to a 24-point cognitive scale on orientation to time and immediate and delayed recall.26
SD = standard deviation.
Table 4. Associations Between Incidence of Prefrailty
and Frailty and Hearing Impairment in English Men
and Women Aged 60 and Older in 2004 Followed for
4 Years to 2008
Models for Adjustment
Odds Ratio
(95% Confidence Interval)
for Poor Hearing
No prevalent frailty at baselinea
Model 1 (M1): age and sex 1.43 (1.05–1.95)
Model 2 (M2): M1 + wealth
and education
1.32 (0.96–1.82)
Model 3 (M3): M2 + CVD 1.32 (0.96–1.82)
Model 4 (M4): M3 + cognition 1.31 (0.95–1.80)
Model 5 (M5): M4 + depression 1.32 (0.96–1.81)
Prefrail at baselineb
Model 1 (M1): age and sex 1.64 (1.07–2.51)
Model 2 (M2): M1 + wealth
and education
1.63 (1.06–2.52)
Model 3 (M3): M2 + CVD 1.62 (1.05–2.51)
Model 4 (M4): M3 + cognition 1.58 (1.02–2.45)
Model 5 (M5): M4 + depression 1.57 (1.01–2.44)
aFollowed up for prefrailty and frailty. Good hearing, n = 1,131 (prefrail
or frail at follow-up, n = 280 (25%)); poor hearing, n = 265 (prefrail or
frail at follow-up, n = 87 (33%)).
bFollowed-up for frailty. Good hearing, n = 887 (frail at follow-up,
n = 91 (10%)); poor hearing, n = 291 (frail at follow-up, n = 42 (14%)).
CVD = cardiovascular disease.
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this. Lower socioeconomic position has consistently been
associated with greater risk of frailty, an association largely
explained by chronic diseases, depression, psychosocial fac-
tors, and lower income.32–34 Manual social class, chronic
diseases, and psychosocial factors have also been associated
with hearing impairment,2,4 which may explain why the
association observed was not independent of socioeco-
nomic status. In contrast, hearing impairment was associ-
ated with greater risk of developing frailty in prefrail older
adults, and the association remained after further adjust-
ment for covariates. This finding is consistent with those of
a previous longitudinal study showing an association
between hearing impairment and difficulty getting out of
chair and slow gait speed,19 suggesting that hearing impair-
ment may increase the risk of future frailty in older adults
already showing signs of frailty. An important aspect of the
current study results is that the association between hearing
impairment and incident frailty was observed in individuals
who were prefrail but not in those who were not frail at
baseline. Poor hearing may therefore be a particular prob-
lem in older adults who have started to become frail, sug-
gesting that hearing impairment hastens the progression of
frailty. This supports the cumulative deficit model of
frailty,35 suggesting that poor subjective hearing adds to
other accumulating health deficits in increasing the risk of
frailty. These findings suggest that hearing impairment may
be an important deficit to consider.
In the cross-sectional analyses, hearing impairment
was associated with prefrailty and frailty separately and
combined. The longitudinal finding confirms the direction-
ality of the association observed in the cross-sectional anal-
ysis and supports the possibility that hearing impairment
may increase the risk of frailty, although several factors
could explain the association observed in the longitudinal
study. For example, it has been hypothesized that social
support may help to minimize the effect of loss of physio-
logical reserve associated with frailty.20 Nevertheless, com-
munication problems due to hearing impairment may
restrict social engagement and therefore access to social
support.31 Consequently, prefrail individuals with hearing
impairment may not be able to benefit from the positive
effects of social support in preventing further decline.
Unmeasured comorbidities such as anxiety36 or comorbidi-
ties that were poorly assessed in the ELSA, including self-
reported doctor-diagnosed CVD and limited aspects of cog-
nition (further discussed below), conditions associated with
hearing impairment and frailty4,7,37 may also explain the
relationship. Finally, the association could be due to shared
pathological pathways such as inflammation, which is
related to hearing impairment and frailty.38,39
Strengths and Limitations
The major strengths of this study are that it was a large
sample taken from a representative cohort of the commu-
nity-dwelling English population aged 60 and older.40 A
prospective study design was used, participants were fol-
lowed for 4 years for prefrailty and frailty, and the models
were adjusted for several important potential confounding
factors. Limitations include that hearing impairment was
self-reported rather than objectively measured, although
the question used has been validated against objective
measures, and hearing prevalence was comparable with
national estimates and previous studies using objective
measures.1,4,16,41 Hearing depends on good cognitive func-
tion.37,42 Cognitive function based on orientation and
immediate and delayed recall was adjusted for, although a
limitation of this study was that other aspects of cognitive
function or measures of dementia were not available. The
investigations, therefore, did not fully account for the role
of cognition or dementia in explaining the association
between hearing impairment and frailty. Because of data
limitations, a slightly modified version of the validated
Fried phenotype was used to assess frailty. Although objec-
tively measured data on weight loss over time were used,
intentional and unintentional weight loss could not be dif-
ferentiated, and levels of physical activity referred to fre-
quency and intensity of exercise, without information on
calorie consumption. Nevertheless, data were obtained
through interviews and nurse assessments, and the findings
on prevalence of frailty are comparable with those in the
original Fried phenotype study.7 The current study was
restricted to the two-thirds of ELSA participants with data
on frailty measurements at baseline and follow-up. Nonre-
spondents tended to be older and in poorer health, sug-
gesting that prevalence rates of hearing impairment,
prefrailty, and frailty might have been higher in nonre-
sponders.40 Data on hearing aid use were not available,
restricting information on any preventable action that par-
ticipants may have taken. Hearing impairment was mea-
sured only at baseline, and no information on the primary
cause of and change in hearing impairment were investi-
gated. Finally, ELSA includes people predominantly of
white British ethnic origin, and generalization of findings
to other ethnic groups is therefore limited.
Implications
The finding that hearing impairment in prefrail older adults
increases the risk of becoming frail is of public health
importance because hearing impairment and frailty affect a
large proportion of older adults.1,7 Identifying and actively
managing hearing impairment in prefrail older adults may
have potential to delay development of frailty. Poor hearing
might to some extent be corrected; a population-based
study showed that only 15% of older adults with objec-
tively assessed hearing impairment use a hearing aid.43 Self-
reported hearing impairment may be remediable in that it
can be addressed with hearing aids, cochlear implants, and
interventions aiming to optimize social and environmental
conditions for hearing.44, 45 The progression from prefrailty
to frailty appears to be predominately an end-stage, presag-
ing death,7 although frailty is potentially preventable if tar-
geted in the early stages7,11,46 through interventions such as
physical exercise47–49 previously shown to be effective in
prefrail individuals.47,48 Avoiding frailty could reduce
adverse health outcomes such as falls, hospitalization, insti-
tutionalization, and the associated financial costs. Address-
ing hearing problems in prefrail individuals may therefore
be critical and has the potential to reduce the burden of
poor health on individuals and society.
A second implication of these findings is that hearing
impairment could be an important component of assess-
ments aimed at identifying individuals at risk of frailty.
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Few assessments or indices such as the Frailty Index
include hearing impairment.50 The current findings suggest
that future research using such indices to identify those
with potential frailty should consider including hearing
impairment because it was found to be predictive of the
change from prefrailty to frailty. Further research is war-
ranted on the possible mechanisms of frailty in hearing-
impaired older adults.
CONCLUSIONS
Self-reported hearing impairment is associated with pre-
frailty and frailty in older age. Furthermore, prefrail older
adults with poor hearing have a greater risk of becoming
frail in the following 4 years, suggesting that hearing
impairment may exacerbate the progression of frailty in
individuals who are already prefrail.
ACKNOWLEDGMENTS
A team of researchers based at the University College Lon-
don, National Centre for Social Research and the Institute
for Fiscal Studies developed ELSA. The National Centre
for Social Research collected the data. The U.S. National
Institute of Aging in the United States, and a Consortium
of U.K. Government Departments Coordinated by the
Office for National Statistics provided funding. The devel-
opers and funders of ELSA and the U.K. Data Archive do
not bear any responsibility for the analyses or interpreta-
tions presented here. The National Institute for Health
Research School for Public Health Research funded AL
(509546). The Dunhill Medical Trust funded EP (R396/
1114). SR received funding from U.K. Medical Research
Council Fellowship G1002391. The opinions expressed in
the paper are those of the authors and not necessarily
those of the funding bodies.
Conflict of Interest: All authors declare that there are
no competing interests.
Author Contributions: KW, LC, SR, GW, AL: Study
concept. AL, CO: Data preparation. EP, AL: development
of statistical model. AL, EP: Statistical analysis. AL, KW,
LC, CO, SR, GW: Writing the manuscript. AL, KW, LC:
Interpretation of results. SR, GW, CO: Critical revision.
All authors approved the final submitted version.
Sponsor’s Role: None.
REFERENCES
1. Akeroyd MA, Foreman K, Holman JA. Estimates of the number of adults
in England, Wales, and Scotland with a hearing loss. Int J Audiol
2014;53:60–61.
2. Liljas AE, Wannamethee SG, Whincup PH et al. Socio-demographic charac-
teristics, lifestyle factors and burden of morbidity associated with self-
reported hearing and vision impairments in older British community-dwelling
men: A cross-sectional study. J Public Health (Oxf) 2016;38:e21–e28.
3. Campbell VA, Crews JE, Moriarty DG et al. Surveillance for sensory
impairment, activity limitation, and health-related quality of life among
older adults—United States, 1993–1997. MMWR CDC Surveill Summ
1999;48:131–156.
4. Crews JE, Campbell VA. Vision impairment and hearing loss among com-
munity-dwelling older Americans: Implications for health and functioning.
Am J Public Health 2004;94:823–829.
5. Office for National Statistics. National Population Projections, 2012-based.
Chapter 2, Summary results, 2014 [on-line]. Available at www.ons.gov.uk/
ons/dcp171776_355182.pdf Accessed April 17, 2016.
6. Ng TP, Feng L, Nyunt MS et al. Frailty in older persons: Multisystem risk
factors and the Frailty Risk Index (FRI). J Am Med Dir Assoc
2014;15:635–642.
7. Fried LP, Tangen CM, Walston J et al. Frailty in older adults: Evidence for
a phenotype. J Gerontol A Biol Sci Med Sci 2001;56A:M146–M156.
8. Rockwood K, Stadnyk K, MacKnight C et al. A brief clinical instrument to
classify frailty in elderly people. Lancet 1999;353:205–206.
9. Mitnitski A, Fallah N, Rockwood K. A multistate model of cognitive
dynamics in relation to frailty in older adults. Ann Epidemiol
2011;21:507–516.
10. Abellan van Kan G, Rolland Y, Bergman H et al. The I.A.N.A Task Force
on frailty assessment of older people in clinical practice. J Nutr Health
Aging 2008;12:29–37.
11. Gill TM, Gahbauer EA, Allore HG et al. Transitions between frailty states
among community-living older persons. Arch Intern Med 2006;166:418–
423.
12. Lang PO, Michel JP, Zekry D. Frailty syndrome: A transitional state in a
dynamic process. Gerontology 2009;55:539–549.
13. Bouillon K, Kivimaki M, Hamer M et al. Measures of frailty in popula-
tion-based studies: An overview. BMC Geriatr 2013;13:64.
14. Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches
to measuring frailty in elderly people. J Gerontol A Biol Sci Med Sci
2007;62A:738–743.
15. Strawbridge WJ, Wallhagen MI, Shema SJ et al. Negative consequences of
hearing impairment in old age: A longitudinal analysis. Gerontologist
2000;40:320–326.
16. Dalton DS, Cruickshanks KJ, Klein BE et al. The impact of hearing loss on
quality of life in older adults. Gerontologist 2003;43:661–668.
17. Lin FR, Ferrucci L. Hearing loss and falls among older adults in the United
States. Arch Intern Med 2012;172:369–371.
18. Kamil RJ, Li L, Lin FR. Association between hearing impairment and
frailty in older adults. J Am Geriatr Soc 2014;62:1186–1188.
19. Kamil RJ, Betz J, Powers BB et al. Association of hearing impairment with
incident frailty and falls in older adults. J Aging Health 2016;28:644–660.
20. Xue QL. The frailty syndrome: Definition and natural history. Clin Geriatr
Med 2011;27:1–15.
21. Marmot M, Oldfield Z, Clemens S et al. English Longitudinal Study of
Ageing: Waves 0–6, 1998–2013, 23rd Ed. London: UK Data Service, 2015.
22. Ferrite S, Santana VS, Marshall SW. Validity of self-reported hearing loss
in adults: Performance of three single questions. Rev Saude Publica
2011;45:824–830.
23. Bandeen-Roche K, Xue QL, Ferrucci L et al. Phenotype of frailty: Charac-
terization in the Women’s Health and Aging Studies. J Gerontol A Biol Sci
Med Sci 2006;61A:262–266.
24. Wallace RB, Herzog AR, Ofstedal MB et al. Documentation of Affective
Functioning Measures in the Health and Retirement Study: Survey
Research Center. Ann Arbor, MI: University of Michigan, 2000.
25. Newman AB, Gottdiener JS, McBurnie MA et al. Associations of subclini-
cal cardiovascular disease with frailty. J Gerontol A Biol Sci Med Sci
2001;56A:M158–M166.
26. Langa KM, Llewellyn DJ, Lang IA et al. Cognitive health among older
adults in the United States and in England. BMC Geriatr 2009;9:23.
27. Lee S, Kawachi I, Berkman LF et al. Education, other socioeconomic indi-
cators, and cognitive function. Am J Epidemiol 2003;157:712–720.
28. Weuve J, Kang JH, Manson JE et al. Physical activity, including walking,
and cognitive function in older women. JAMA 2004;292:1454–1461.
29. Naramura H, Nakanishi N, Tatara K et al. Physical and mental corre-
lates of hearing impairment in the elderly in Japan. Audiology
1999;38:24–29.
30. Buigues C, Padilla-Sanchez C, Garrido JF et al. The relationship between
depression and frailty syndrome: A systematic review. Aging Ment Health
2015;19:762–772.
31. Weinstein BE, Ventry IM. Hearing impairment and social isolation in the
elderly. J Speech Hear Res 1982;25:593–599.
32. Hoogendijk EO, van Hout HP, Heymans MW et al. Explaining the associ-
ation between educational level and frailty in older adults: Results from a
13-year longitudinal study in the Netherlands. Ann Epidemiol
2014;24:538–544.e2.
33. Etman A, Kamphuis CB, van der Cammen TJ, et al. Do lifestyle, health
and social participation mediate educational inequalities in frailty worsen-
ing? Eur J Public Health 2015;25:345–350.
34. Soler-Vila H, Garcia-Esquinas E, Leon-Munoz LM et al. Contribution of
health behaviours and clinical factors to socioeconomic differences in
frailty among older adults. J Epidemiol Community Health 2016;70:354–
360.
35. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a
proxy measure of aging. Sci World J 2001;1:323–336.
964 LILJAS ET AL. MAY 2017–VOL. 65, NO. 5 JAGS
36. Mohlman J. Cognitive self-consciousness—a predictor of increased anxiety
following first-time diagnosis of age-related hearing loss. Aging Ment
Health 2009;13:246–254.
37. Amieva H, Ouvrard C, Giulioli C et al. Self-reported hearing loss, hearing
aids, and cognitive decline in elderly adults: A 25-year study. J Am Geriatr
Soc 2015;63:2099–2104.
38. Collerton J, Martin-Ruiz C, Davies K et al. Frailty and the role of inflam-
mation, immunosenescence and cellular ageing in the very old: Cross-sec-
tional findings from the Newcastle 85 + Study. Mech Ageing Dev
2012;133:456–466.
39. Verschuur CA, Dowell A, Syddall HE et al. Markers of inflammatory sta-
tus are associated with hearing threshold in older people: Findings from
the Hertfordshire Ageing Study. Age Ageing 2012;41:92–97.
40. Banks J, Breeze E, Lessof C et al. Retirement, Health and Relationships of
the Older Population in England. The 2004 English Longitudinal Study of
Ageing (Wave 2). London: Institute for Fiscal Studies, 2006.
41. Gibson WK, Cronin H, Kenny RA et al. Validation of the self-reported
hearing questions in the Irish Longitudinal Study on Ageing against the
Whispered Voice Test. BMC Res Notes 2014;7:361.
42. Arlinger S, Lunner T, Lyxell B et al. The emergence of cognitive hearing
science. Scand J Psychol 2009;50:371–384.
43. Popelka MM, Cruickshanks KJ, Wiley TL et al. Low prevalence of hearing
aid use among older adults with hearing loss: The Epidemiology of Hearing
Loss Study. J Am Geriatr Soc 1998;46:1075–1078.
44. Lin FR, Metter EJ, O’Brien RJ et al. Hearing loss and incident dementia.
Arch Neurol 2011;68:214–220.
45. Zhan W, Cruickshanks KJ, Klein BE et al. Generational differences in the
prevalence of hearing impairment in older adults. Am J Epidemiol
2010;171:260–266.
46. Espinoza SE, Jung I, Hazuda H. Frailty transitions in the San Antonio Lon-
gitudinal Study of Aging. J Am Geriatr Soc 2012;60:652–660.
47. Gill TM, Baker DI, Gottschalk M et al. A program to prevent functional
decline in physically frail, elderly persons who live at home. N Engl J Med
2002;347:1068–1074.
48. Faber MJ, Bosscher RJ, Chin APMJ et al. Effects of exercise programs on
falls and mobility in frail and pre-frail older adults: A multicenter random-
ized controlled trial. Arch Phys Med Rehabil 2006;87:885–896.
49. Fiatarone MA, O’Neill EF, Ryan ND et al. Exercise training and nutri-
tional supplementation for physical frailty in very elderly people. N Engl J
Med 1994;330:1769–1775.
50. Abellan van Kan G, Rolland Y, Houles M et al. The assessment of frailty
in older adults. Clin Geriatr Med 2010;26:275–286.
JAGS MAY 2017–VOL. 65, NO. 5 HEARING IMPAIRMENT AND INCIDENT FRAILTY 965
